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(54) MULTILAYERED ELECTRODE FOR FERROELECTRIC ELEMENT 

(57)Abstract: 

PURPOSE: To solve the fatigue problem low voltage 
breakdown problem and aging problem in a ferroelectric 
capacitor. 

CONSTITUTION: The ferroelectric element is constituted 
by using a lower layer electrode 1 1 constituted of a 
conductive oxide, such as RuOx, on a substrate 10 
consisting of silicon or silicon dioxide. A ferroelectric layer 

13 consisting of a ferroelectric material, such as lead 
zirconate titanate (PZT) is deposited on the lower layer 
electrode 11 and a conductive intermediate layer 12 is 
formed at the boundary between the ferroelectric layer 13 
and the lower layer electrode 11. This intermediate layer 12 
is formed by the reaction between the ferroelectric material 
and the recording material, by which Pb2Ru207-x is formed 
in this embodiment. The conductive upper layer electrode 

14 is deposited on the ferroelectric layer 13. This upper 
layer recording 14 may be formed of metal. The formation of 
this electrode of a material of the same type as the material 
of the lower layer electrode 1 1 is possible as well. A second 
intermediate layer can be formed at the boundary in such a case 
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[IIWl] (a) 

(c) mTmmm<D±tc&z&mmmmfrtt*>%m 

(d) mTmm®±mmnimm>m±o®i l c$>-? 

**-K RCfABO^XBAB' B" O s M<D%m^ 
ttffc^:frfc&*W*»&iSRSft. AttPb, B a , B 
i. La, L i&tfS r*>6ftSB«:JSIU BtiT i , 
Nb, Ta, Mg k Sn, WRtfZ r *»6 

[»#3®3] f}IBTa«S* J RuO. % ReO„ Rh 
O., IrO„ S^OsO,*6ftS»3&>63W^dti-5 
^m^fb^r&^li*® l Ki5iS©B®f«tSS^. 20 

[19*314] meatttt^NM*. tnerms^tt 

CT\ AttPb, Bi, Ba, Sr, Li, &t/La;fr 
fc&SBW»&»iR3ft. MttRu, Re, Rh, I rR 

Cif^5 3 OriBTJBSa^. RuO„, ReO x , R 
hO,, I rO«, &&OsO,*6&*ag*>&BK3fi 30 

*-h***~K KtfABO.SSOS^ttfb^l&fr 
6fc*S*»e>iaK;*ti, AttPb, Ba, Bi, Li, 
LaXttS r*»6&&KtCJIIU BttTi, Nb, T 
a, Mgr, Sn, WXttZ r*>6&*8KK-r*»#31 

[if*® 6] ffiTS2J:JB««#. Pd, Pt, W, Au 
St*H 1 *CS2tt<3[«»flMt5R^. 

[»#®8 ] mriB^2©*P^|Ji*5«J^mtt*raiSi 

*><»$Mj>*tt, cvd^ vou-<wwt % n so 
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3 >^0^<Dg^5tc J: oti8$ ft* ft*® l tcfEigo 

[ft*® 1 1 ] si»w«T*fwrs#ttr*-* 
r, 

(b) ^ji«UKam«t^^&ttsaii«ttii 
fcifts-rsxn. 

(c) ttTJB«^VfiBfflW«JS*T--;i,brfi[T 

rvttSifflseMrrsxH* 
[ft*® 1 2 ] srs^sftt*^, mis*^*- h 

?**-k RW&BABO.XttAB' B" 0,cD3£ljf 
«tt{fcA»*6<cS»3^6a«$n, AttPb, Ba, 
Bi, Li, LaXttS r JfefcttSSfcBiU BteT 
i, Nb, Ta, M?, Sn, WXttZ r ^6^SW«C 

pit sit*® 1 i«cgB*w&». 

[If*® 13] fulBT/im«#RuO x , ReO x , R 
hO x , I rO,, RtfOsO.*6fr*S*6o»RSft 

s«wftKfb»r&a«*®i imbibes. 

i9BB?WS»ra©Sl£«:«tr>rjBjSSnSA 1 M 1 0 
.£L A 1 M I 0,_,fflXttAMO J S©fb^JfcfcfcSS 

3&»6»aRsns*«tt{b^»*6ateSsnrteo. cc 

r, A«Pb, Ba, Sr, StfL a*>6ft£»*»6ia 
RSti, MtfRu, Re, Rh, IrMOsW^ 
8*»6atR<**i*»*Bl ltc8Sa©*ffi. 
[S»*B15] RuO x , ReO IS 

RhO,, IrO„ RyOsO>&4S83&>6Ja«$ 

ns»«tt«fb«rc*o. «iEBfcW*»»#, 

a*-h***-K ^ABO,^^!^^ 
*>6^^8^65SiRSn, AtePb, Ba, Bi, L 
i, LaX«S rrt»fcfc£SHcjgiU B«T i , Nb, 
Ta, Mg, Sn, WXttZ rfrfcftS»K«TS»# 
SI 4«lSS»0*ffi. 

[Si*® 16] fiJSBJbSSS^. Pd, Pt, W, A 
ua^Afffr6«cS»^^iS!R$*i-S3felS^e>«fl63ti 

*«*® 1 1 tcie»©#ffi. 

[IS*® 1 7 ] fylB^tm»^i|riieLLMm@<?:<DP B 1 

£7£^sxfi£^r*ts*ii 1 ic8E*©#ffi. 
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s i g a a s m*Mmmm®dmffi^&wmw^ > 

[0 003] 

[0004] sft®ma*#*-r*&» «««f*-ctt % 

t m@ <h flDIS^ffirco^KKDSA** JIB iftotjgci. 40 

f -r *s t «s«scr 

(Y006, r Fatigue Modeling of Lead Zirconate Tita 
nate Thin FilmsJ v 3our. fcfeterial Sci . and Engines 50 
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[0 00 7] 
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[0008] mffi&mnmm&, is^n^- f 

*-F, MABO^ttAB' B" C^CD^^mt* 
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i, La, L iRCXS rjfefc&SSlOSU BttT i , 
Nb, Ta, Mfir, Sn, W^O'Z r 

[0 0 0 9 ] WSETMKtfR u 0, . ReO x , RhO 

[ooio] nemtt4iiRM*s. «riaTW«ffii«riB 

aW«tt»»t©H©SJ6K:J: -.t^n^A, m, o 

V. AttPb, Bi. Ba, Sr, Li, MLa^6 



ft*S*>6'9K3ti. MteRu, Re. Rh, I r&tf 
[0 0 1 1 ] MfSTJI^**, RuO x , ReO Ik Rh 

fr*»a>£iB«S4v AttPb, Ba, Bi, Li, L 
aXttS r*>6>fc*S0cKU BttTi, Nb, Ta, 

[0 0 12] m%E±mm&ifi> Pd 4 Pt t W, AuS. 

[ooi4] «reBflr2o4>nn^itriB9Stt^niH^i^ 

[0 0 1 5] tNBS&tf. !/»;a> ( *7r-f+. Mfb 

[ooi6] g?EB%Rmt». th nm&tf JbJtm^ 
tr- &mmm. mit&mam&Rv i> -if r u — > 3 

[0017] *«H©BW«tt*^i¥»r**ffitt. 

( a > *«©»ffi««±(c»*ttWk«^«ai^r -fe ^ 
5 y 9Tfm&z»ti&* zxm* ( b ) ktbmllk: 

(c ) gnFUm&R t£&§^f*Jf £ r - ;u b r f£T 

T»«tt*iBii**«"r*xs. acK (d) 

[ooi8] striB^«ttm#, Bi^a*- h 

*-K SO^ftiABO,X«AB' B" 0,fl!>»9Wtt 
{b£»fr&&S8*»e>iS«3ft % AtiPb, Ba, B 
i. Li, LaXttS r^6^c»IU BttT i , 
Nb k Ta, Mg, Sn, WXttZ r *»^tt-S»K:iS L 

[ 0 0 1 9 ] BfBTJISfitfR u O,, ReO„ RhO 
I r0„ SCfOsO«*»6«c-5»^6jBJRSnSa» 

[0020] ttiBSm&lJlBMtf. mriBT^m^imilB 
^flBftlBIOKJStc^^TJBliSStiSA.M.O.S!, A, 
M 1 0 ? .,aXttAMO,a©{t^«^6^-58^63SIR 

sns»«ttft*lii3&>6«rt9tir4jo ( ccr, a« 

Pb. Ba, Sr, StfL aft»6tt*«¥*6aK3ft. 
MttRu, Re, Rh, I rRCfO s 6>S 
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[0 02 1 ] WKTBrnsa*, RuO„ ReO„ Rh 

-h*$r*-K R^ABO,M©aSI®tt^b^«9*>6 
&&B3&>63R3ft> AtePb, Ba, Bi, Li, L 
aXttS rfrfc&SSffcSBU BttTi, Nb, Ta, 
M*r, Sn, V3UKZr^6«t«INc||(/Tlr»rfcJ: 

10 [ 0 0 2 2 ] fflfELbJ3«g*s. Pd, Pt, W, AuS 

DfAg^^«css^63M?$tis^fli*>6«fiSsnri,» 

[002 3] KTS^^friSifJIBJiSmfiiOratCiB 
^t4{b^»>6^9n-S^2cr)*r H 1Jl ; &^ 

[0024] 15^2 (o^rmifi^mm&^m t m 
[0 02 5] mrasfiiftf, ^ua>, ^T-ft.nt 

[002 6] UBBtiH-SXBaftS. £ «; 

u - if r ^ u- v a >tt©3K©flSRtt: <£ o r 
[0 02 7] 

^ a ftjai* & c i k: <fc r Jjaacf* 

[0 02 8] #«^©#£©H»Wfc*jt>-C, &l^§t£ 

40 5/ya>xitr Hfb^>; =»*0>6ttssttLl: 
tt (arattBtfbft) .iit-sci^^^ c<w*tt. 



[0029] 

[ o o 3 o ] a i k % **«©-safcwr***»*a 
#5. 4>^3A,, #'^'J3>, sea io 

1 OJbctt, TKttl l^ii^nn^. Till 

P^Jl 1 2 tt, -fe^ 5 * *<£>TJfH@ 1 1 tsrswft©** 
ra@12±{ctt, tSS^Vn*- h (PZT) 20 

ft ft s^s*® 1 3 &wmz ti 

"COS. I13S, 1992^3 £ 9 BtCSeshu 6. Desu6 

ttllll^848,389^ r Ferroelectric Thin Films Made by 
Metal lorqanic Chemical Vapor Deposition J 
5-48347-^) tcfcl>TMCT£tiTl>££&K:J:r> 
XWBtTZ. SS^ftJSl 3±CC{J, ±H*S1 
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\t A g ft <!: 4>&fl(*> £ ft £ . 

[0 0 3 1 ] B2(c. *mw<ome>m$mx<hz&mm 

S. ccD^^mi±m^rti. JiJim@ 1 4#TJf 1 

1 tmcm^wtm m^ima®) rfp*>ft9, sm 
1 3 t±mmm 1 4 borate, j^o^/i 1 5 

3 <t_bJl^§ 1 4 i©IB©JMff-C. stimttJi 1 3 tr 

mmmi 1 i©in«>inBtr©*iBJii 2tmm^mtr 

C 0 0 3 3 ] B 1 Rc/B2 fcT^f **^CC J:S^JB« 

ABWtft) 4 ReO, (U-£ABHfc«j) % RhO x (p 
y*AIW») , I rO. U'J^ABtffcft) . Os 
O x (t^S^AKft*) el-Re**** 1 6 
tt£J:5ft-b7 5 * ^flftitib^ (MOJ r&£ a 

[0034] 

Ml] 
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[0035] -mt. ^mmm i 3 <fc3*s 

ABO,«:J:-5T*$ti9 ^o^*^ hSSS«fi 

a, Pb> Sr, B i^*frfc»^*>r*9. tc* 
Bit Ti, Nbmvtm&VtsZftmJIrl'-e&Z. 3k 
l«c*tf6tiTi»*Ja*Kct>. jc*ACctt. L i 
*l. TC^Btcti, Ta. Mg, Sn, W. MZrf^ 



40 n^. »^s^RM±^ii3aoM^{£«sn-s. 

[0 0 3 6 3 _bJI^l 4te. IM 2 lfC7fkir£ 5 (fCTMM 
«1 ltH-»» (»«««) Sltc^TJ: 
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2 ttTniiS 1 1 t&mm&m i 3 tonMcofr&i&z 
sim*scF«ctmK:ttffr&. *eb i 2x0*2 

©*IBB1 5 tt, -«SA,M.O,. B (cj:' ? r«tC4 

:a*-r***-r (PbZ r.Tix.,0,) 5SS5«(* 

CflOmSROf^^W^S^ (50 0 10 
•C) •CT^-;b-r^<b, PbO iRu 
O x ^@<b©PBlOJ^tc < fcD*^Ji©IS^ , r^--h (P 
b,Ru,0.) &&1&2ti2>. 

[0 03 7] *paB12Xii*2C0*B)Bl 5tt. Xffi 
^^C«BA©J1H<!:&*> TBH&l 1 XttJbBS 
Si 4 £&gm#m 1 3 <fc©H©<b*tt«tt<^E*<6 

ttr««t«*-r«. 3 6fc. «iaiBi2Xtt*2©*!si 
1 1 ;&c«Mtt©*iB!B 1 2«*«:. *B««*«tew 20 

-5. TJf 1 tt % Si, Si/SiO t 
£S#{CTSfc«>CC, T i Xt*N i *>&j$£&B4>n£ 

. Wt4*. m&o. xka i,o,*>*>& 

uctt, six«si/si o,»«*«— iawccfflt^ 
*y>^&, ffc:m*ft. W«£JS#S 30 

i>-rn^(cj;^Ttf 5. f Ruo.tt±saaw{c 

J:oTS«a«±«:iia$tirc»-5 (Krusin-£lbaum<=> 
<D r conducting Transition Metal Oxides: Fbssibilit 
ies for RuCfc in VLSI Metallization J „ J.Electroche 
m. Soc. * Solid State Science and Technology, Vol. 
135, No. 10, 1988, p. 2610, && % Creen^O l*Chem 
ical Vapor Deposition of Rutheniumand Ruthenium Di 
oxide FilmsJ . J. Electrochem. Soc., Vol. 132, p. 
2677,lS85£#M£**l/ctO p 40 

[0 0 3 8 ] &sm#m i 3<orm^m 1 i ±.^<Dmm 
&*aa»tt. voi— mocvds, 

8 3 4 7#-CtJ, ftSISftB 1 3©»«Kl«C>6tlf»* 50 
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[0 03 9 3 SfgCC, ±11114^, Pd, Au, A 

^^tt^MGD<fi*f#£ cfc 5 Kg* £ C £ 3&S-C ft £ • 
[0040] KRtt#fK& UT, *«K<D-3S»«"C* 

BM«*113«:PZT\ TBHSl lfcRu 
O x . JJim^l 4tCPdRL/*r5)l 1 2tCPb,Ru 2 

7ji,tOX. TB^Sl l©»«10^a>S«*J:Dfi 
<t*fc*«:Ti'|iBJBl 6^t5S i/S i O a S 
«10±fc % RuO^Ti^illiUtiiUc. 

^yV^&tCj^TMWCS i Sfi 1 0±W:1SI 
/c P *rC„*y>iO^- 150'C"C2. 0X10" 4 torr 

cos^rtT^fc. -e<o&, tb««i i±*c, PbZr 

.Tii-.O, (x = 0. 53) *>6fc*5£SSmf*Bl 3 

pr*>^*. fS0wsnfco I »H»*'C4oo"c*>6 
7 o o-circDBHrs o-craH5©aarr^-^o 

rd> ■K*m>r. #ft*sra«MROfc. 

[0 04 1 ]^3tc. &mT--V>&m3£X<DSi/ 
RuO a /PZTC0XJ^lpI5r (XRD) 

# 5 5 0 "CftarjgJffi $ ft»a& % 6 0 0 'CT? JBrSjWST 
S. BP*. TJIH&l 1 t?»R*#Bl 3i©W«c, * 

KH2«$ns. ccd*p^bi2«. ^t4r^> 

0, 2X 1 0-^-Acm^-^©itn$^l/t^ 
& (Longo6tf> rFbiM,a_ x -Preparation and Propertie 
s of Oxygen Deficient PyrochloresJ , Mat. Res. Bui 
1., Vol. 4, 1969, p. lSl&MRdtlfclO « 
[004 23 X(C. PZm^^^I13± 
tC. 1. 5X1 0- 7 torrCD^TCDm^cr-A^2£tC 
ctot, (Pd) !&ffll»rJJ8«Sl 4^it 

[0043] ±»©cfc ^tcfWlL/fti^WStt*^*. ff 
f^X htC^^T, IfilOittSi/SiO^W 

i/, _bfn@i 4<bixrPd^r#-r^. ruo« 

Z v S>) TB^Sl 1± (Pd/RuO.^XfA) S 
i^P t (&JS) OTB^Sl 1± (Pd/P 
A) 0«en^ncDPZT^iim#Bl 3©^M^1^ 
B-««(x=0. 5 3) RW-7i-y>^« 
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(6 0 0-C) -Clt&Ltc. 
[OO44]04K1, *<Dtmmm*fri?. i4tlt 

ztc&tcAiKQommzmiicm^tc. Pd/pt^> 

x a <d P z T m ft* l 3 Mir * u ^ t> *t+> > 
fi^tt, Pd/RuO,^fAj:0^ 
[0045] 05K, RuO,TIH@l lM^Pt 

-^>ycD$am0tbf5^T. 4 7 k Qi^jsei^w-r 

£DCjfcttfrcte, Pd/RuO/>XfA©PZT?l 

^m*® i 3-^f>^H3:^s»^^<^:^^^l^^ p 

d/Pti/XfA©PZT^i*I 1 31f>^;l/-c« 

[0 04 6] 0 6&C, h<Dfcafc<Dmi? (t^X h*t) 
il/tl 5 0KVycmT*C^*Jl/Xig^rffili/c±IB2o 
O^XirAK^SPZT^IIftli 1 3(Dii^<DgStf 

ffil liQPZT^ill*il 3tt. ±<m$*7fs2 
0*>L,&#*k £R (P t ) Tl^il 1±G>P 

zrsmm&m 1 3ttfr&os»3W><sri». 

[0 04 7] ^ftM^fc^Vr^-*;^ Pd/P 
t i/XTAOm'StttMlsX. Pd/RuO x ^fA 
COP ZT9SSW#® 1 3 ifi&b<Dm$mfx- 

Turn® i i (x«±Jim© i 4 ) scflgsmftja i 3 

l*ac««MH* (IBS. B©»i!»tfy---y>* 
tCfcl^T -%9KftJB 1 3it7^ ^^Tum 
fil 1 4©H«:»«ttHMt«JT*S*raJa 1 23^»a3 

[0 048] 3»^W<Ofl&©«3c©Safi«K:*Jl* 
Ttt, §£f£Hf*Ji l 3 <t LIB aTiO^, TJI^ffi 
1 l&tfJJMMl 4£lxTR i O x £, #C«C*|fflJB 
1 2Rtf»2©*lfflJHl SiOtBa.Ru.O,.,^ 
^rtJ:^. **M©S6«:fl6<3[)e5e©ll*«K:*jii 
T\ SW«tt«13iOrBa 1 ..S r.T i 0 3 *r, T 
1111 l&EfJJKSl 4iLTRuO,^ Mtffc 
*P*3J11 2SDf»2.(D*raJBl Sil/tBa^S r x R 

[0049] ±ga» i tea, -b -5 5 v zymmm i i x 

ttiJItt© 1 4 , m>6tl£SHtttttJI 1 3RWBS&3 
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' *t». 9MIW1 3ilt, -MAB' B" 0,S 
^-^AA' BO,0*<©fW(t^*EfflSn» 
C©*^(D{fc^^fit»«£LT«\ PbZr, 
T i t-.O.SCfBaw.S r,T i 0,#*tf&*i*. » 
JSfcS*iS*lffl»l 2Xttgf2<D*IHMl 5 ilTlt A 

ISrTiO.tt, RuO.WLb©*«JB4 0T % 

8 3 4 7#^fec>rH^snrc»sfesac;si£*5Ssi 
m*m^ftVL xeHjf (xrd) aaiBcfcoraaft 

[005 0] 

[HI ] ^^O-JWWfcJcSW^RWIKH* 

[02 ] *mav&omiimK*zmmmtt*^ i 

30 [S3] O a S£a£ttCfcl>T3 0^@400W670 
S i/RuO,/PZT©«fl6tC*J^S5*R«#ll©X 

rda^->t^^ 9 

[04] RuO.&CXP t^^«c*TiSSa±OPZT 
[H53 RuO.ktfP t^^^c5TJim@±CDPZT 
40 [06] SS^WCORuO.Rl^P t*>e»^cST 
[0 7 ] Jia^^XTrORuO.RC^P t*»e>3tc^T 
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